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1 This is contribution 200 from the Botanical laboratories of Butler Uni­
versity. 
ASTUDY OF ABUNDANCE OF STEMS PER ACRE 
IN RELATION TO AGE OF STAND' 
219 
By CHARLES D. GRIFFIN 
Of the great numbers of seeds and spores which are produced 
annually by the plant kingdom, only a relatively small number germi­
nate, and fewer still are able to withstand the tremendous competition 
for light, soil moisture, nutrients, etc. Only a small number of 
seedlings are able to ecese. Weaver and Clements (8) state that 
competition in effecting the supply of water and light is most decisive 
during the developmen~ of the seedling and at the time of reproduc­
tion, particularly among perennials and woody plants. Accordingly 
it plays a large part in determining the number of occupants and of 
invaders in an area in each stage of a sere and thus in helping to 
control the course of development. 
From studies and data collected on forest succession, several facts 
have been determined. Potzger and Friesner (4) state that in a 
mature forest, the wide spacing of trees indicates the great mortality 
among young trees which germinated in the shade and under the 
stress of increased demand on the products of photosynthesis and 
water find the habitat lacking in adequate supply of light and mois­
ture. 0 f course one sees an undercover growth of small trees, but 
these are tolerant secondary species and hide the real mortality 
among the seedlings of the dominant species controlling the crown 
cover. Burns (3) states that the establishment of a forest depends 
upon the numbers which survive rather than the numbers germinat­
ing. 'Furner (7) says that many trees succumh to competition, and 
the number of trees which come to maturity may be an exceedingly 
small percentage of the original number of young trees in a given 
area. Potzger and Friesner (4) found that the successional stages 
are characterized by the decreasing total number of species as the 
climax forest is approached. These facts and the statement by 
Turner (7) that there are relatively few quantitative data on the 
annual or period reduction in the number of trees in developing for-
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PURPOSE 
The purpose of this study is to gain a concept of the number of 
stems growing on an area in relation to the age of the stand, and to 
discover to some extent how the l)rocess of elimination of individuals 
proceeds. 
METHODS 
Tbe number of stems 3 feet high and over in 9 different half-acre 
plots was tabulated, and the average of the stems in each plot was 
determined. These tabulations are compared with one another in 
relation to the age and the number of stems. These tabulations are 
also discussed and compared with the available data of other 
experiments relating to this subject. 
The data collected for this study are from two general habitat 
types, i. e., upland and lowland river valleys. Results are presented 
in seven tables, three for tabulation of stems in one-eighth acre plots 
in upland woods, three for tabulation of one-eighth acre plots in 
floodplain woods, and One in summary form showing the various 
size-classes for easy comparison. 
RESULTS 
In the upland woods, soil moisture is probably the greatest limiting 
factor to tree succession, while on the floodplain, light would be the 
greatest limiting factor. This is evident in a comparison of stands 
of the two types of habitats. vVhere there is an abundance of soil 
moisture, the stands growing on the floodplain show a definitely 
greater number of mature trees per acre than the stands on the 
upland. The mature floodplain stands presented in tables V-A and 
III both have a total of 96 stems per acre over 10 inches DBH., while 
the two stands on uplands (tables I and VII-A) have respectively 
72 and 56 stems per acre over 10 inches DBH. However, the number 
of small stems per acre in the upland woods is greater than in the 
stands of the floodplain woods. The mature upland stands (tables 
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even a greater decrease, with 80 stems per acre in the young stand and 
only 8 in the mature stand. Liriodendron tulipifera is represented by 
104 stems per acre in the young stand, and by 40 stems in the mature 
stand. Such species as Carpinus, Conlus florida and Fraxinus 
lanceolata show a marked increase in the number of stems per acre in 
the mature stands as compared with the young stand. Since these 
species are more or less tolerant, their greater number of stems in the 
mature stands are probably due to the fact that they do not have the 
close competition of the dominant species, as they do in the young 
stand. One species, Fagus grandifolia, is a dominant tree, but its 
representation in the young stand is only' 8 stems per acre, while in 
the mature forest it has 40 stems per acre. It is possible in this case 
that the proper conditions for the gennination of beech seeds had 
not been reached in the young successional stage. 
Table V is the tabulation of species in three dif ferent one-eighth 
acre plots on the floodplain. The mature stand is designated by 
"A," the intermediate by "B," and the youngest by "c." Acer negundo 
has 584 stems per acre in the young stand, 264 'in the intennediate, 
and 104 in the mature stand. Acer saccharil~um presents an even 
greater decrease of stems with increase in age of the stand. It is 
represented by 656 stems per acre in the young stand, 80 in the inter­
mediate, and only 32 in the mature forest. Ulmus americana is repre­
sented by 2832 stems per acre in the young stand, and by only 56 
stems in the mature stand. Ulmus thomasi has 464 stems per acre 
in the young stand and only 72 stems in, the mature forest. Platanus 
occidentalis is not represented in either the young or intermediate 
stands but has 32 stems per acre in the mature stand. This condition 
is similar to the absence of Fagus seedlings in the young stand and 
the greater number of stems found in the mature upland forest 
of this study. 
Table VI presents the number of dead stems present in the three 
one-eighth acre plots on the '-arrison floodplain. In the young 
stand (C) there were 1208 dead stems per acre of under I-inch 
size-class, and 3672 stems living. In the intermediate stand (B) 
were 152 a'ead stems one inch or over in diameter, and 328 living. 
In the mature stand were 24 dead stems and 216 living. In the mature 
forest, 8 dead stems per acre with DBH. of 5 inches or over were 
found, as compared with 168 stems of this size-class living. 
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DISCUSSION 
The influence of age on characteristics of a forest stand, especially 
as to number of stems per acre, has had considerable attention by 
foresters and ecologists. The associated phenomena and the factors 
operating in the struggle centered about the elimination of individuals 
still warrant additional consideration based on quantitative data. 
Morosow, as quoted by Braun-BIanquet (2) recorded approxi­
mately 419,464 ten-year-old beeches per acre in a Russian forest, 
1,784 fifty-year-old stems per acre and 203 stems of beeches 120 years 
of age. In a stand of red maple and white pine, Burns (3) recorded 
225 seedlings the first year, and after ten years, only 4 had survived. 
In a study of shortleaf pine, Turner's data (7) on the number of 
stems per acre from a 9-year-old to a 152-year-old stand is revealing 
as to the great decrease in the number of stems per unit area in rela­
tion to the increasing age of the stand. In the 9-year-old stand of 
shortleaf pine, he found 19,008 stems, while with only a difference 
of seven years, a 16-year-old stand had 8783, or less than half the 
number of the younger stand. A 35-year-old stand had 1638 stems 
per acre, a 40-year-old stand had 744, a 60-year-old 'stand had 415, 
a 70-year-old stand had 180, a 1I6-year-old stand had 120 stems, and 
the 152-year-old stand had only 80 stems per acre. 
In their gross features, results of the present investigation echo 
those of the workers just referred to. The factor of competition 
initiates elimination of numbers of individuals until an equilibrium 
is established between the carrying capacity of a given habitat and 
the number of stems in such an area. Habitat demands involve both 
aerial and edaphic factors, as the present study plainly shows. In 
the two forest types which were investigated (upland and floodplain), 
the aerial phase of the habitat features are more or less identical, 
especially with respect to light, but the soil moisture of the edaphic 
group is strikingly different. In the floodplain forest, soil moisture 
plays a secondary role in the elimination process, as shown by the 
summary data presented in table VIII. A mature floodplain forest 
has from 25 to 40 per cent more stems per acre than a comparable 
stand of upland forest. Stevens (6) found that the less soil moisture 
available, the sooner the roots will occupy the available soil, and the 
sooner competition between individuals will begin. Mortality rate is 
a mirror which reflects the process of elimination in action, for dead 
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stems are impressive lnute evidence of strugg[e for survival. N um­
bers of dead stems is inversely proportional to the age of the stand, 
and the absence of small size-classes in older stand mortality figures 
reflect cessation of abundant reproduction (table VIII). The struggle 
for survival is also recorded by the repressiou in diameter growth of 
trees constituting two age groups (tables V-B, V-C). The groups 
presented here are separated by a difference in age of about S years. 
They have, however, so striking a difference in diameter-size distri­
bution as to suggest a much greater di fference in the age between 
the two stands. The large numbers of dead stems in the group "C" 
stand suggests also a more rapid elimination of individuals after about 
ten years of growth than after that period. Of course, numbers of 
dead -stems should decrease with continuance of elimination. 
SUMMARY AND CONCLUSION 
1. The paper presents data on abundance of stems per acre "in 
similar stands of forest types, but ranging in age from ten years to 
a mature stand. 
2. A mature floodplain forest has from 2S to 40 percent more 
stems per acre than a mature upland forest. 
3. The thought is expressed that the cause for elimination in 
a floodplain forest is primarily the light factor, while in upland 
forests, it is a combination of light and soil moisture deficiency. 
4. The number of small stems per acre in the mature upland 
woods is greater than iu the stands of the mature floodplain woods. 
S. When only certain species are recorded, the significance of 
the mortality rate is more clearly shown. 
6. The number of dead stems in three one-eighth acre plots on 
the floodplain is presented. 
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1 
TABLE I 
Upland mixed mesophytic climax forest. One-eighth acre plot. 
Size Classes in Inches 
Under OVct Total 
Species 1 2 3·5 6·]0 11·17 18·20 21 Stems 
Acer saccharum 25 25 10 2 64 
Carpinus caroliniana 1 
Carya ovata 2 
Comus florida 1 2 
Celtis occidentalis 7 4 12 
Fagus grandifolia 1 4 6 
F rax,inus lanceolata 2 1 ~ 
F. quadrangulata 1 1 
Ostrya virginiana 2 
Prunus 2 2 
Ulmus americana 2 3 6 
Virbumum prunifolium 2 2 
Vitis I 
TABLE II
 
IS-year growth of upland maple of secondary succession. One-eighth acre plot.
 
Speci~s 
Under 
I 2 J 7 
Size Classes in Inehes 
4 6 8 
Total 
Stem. 
Acer saccharum 
Fraxinus lanceolata 
Gleditsia triacanthos 
Ulmus americana 
U. fulva 
2 
52 
I 
79 41 16 
2 
2 
5 
2 
2 
2 
6 
1 
2 2 
195 
3 
2 
5 
16 
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Mature floodp 
under 
Species 
Acer negundo 2 
Celtis occidentalis 5 
Comus florida I 
Fraxinus americana 
F. quadrandulata 20 
Juglans nigra 1 
Ulmus americana 
Sambucus canadensis I 
Vitis 3 
Floodplain young stand 
( 
Un 
Species 
Acer negundo 
A. saccharinum 
Comus florida 
Celtis occidentalis 
Prunus 
Ulmus americana 2 
U. fulva ] 
U. thomasi 12 
Vitis ~ 
TABLE III
 
acre plot. Mature floodplain forest. One-eighth acre plot.
 
Size Class in IncbesOver Total Under	 To!al11·17 18·20 21 Sterns Species 1 2 3·5 6-10 11·17 18-20 St.ems 
2 64 Acer negundo 2 1 4 9 
Celtis occidentalis 5 2 8 
2 Comus florida 1 1 
2 Fraxinus americana 1 
12 F. quadrandulata 20 2 22 
4 6 Juglans nigra 1 1 
4 Ulmus americana 8 6 6 21 
1 Sambucus canadensis 1 1 
2 Vitis 3 4 
2 
6 TABLE IV 
2 
1 Floodplain young stand (15 years) of elm of secondary succession. 
One-eighth acre plot. 
Size Classes in Inches 
One-eighth acre plot. Under Total Species	 I 2 6 7 8 9 10 Stems 
Acer negundo 6	 7Total 
6 7 8 9 Stems A. saccharinum 1 
Comus florida 1 2 3 
195 Celtis occidentalis 3 1 4 
3 Prunus 1 1 
2 Ulmus americana 2 3 2 1 1\ 
1 5 U. fulva 1 1 2 1 2 3 10 
2 2 16	 U. thomasi 12 185 105 62 24 30 8 4 J 532 
Vitis 3 6 4 1 J4 
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TABLE V 
Floodplain mature stand (A), intermediate (B), and young stand (C). 
One-eighth acre plots. 
Species (Living) 
Size Classes in Inches 
Under Over Total 
Species (Liv ing) 1 2 3-5 6·10 11-17 18·20 21 Stems 
Smilax bispida 
Acer negundo	 (A) 10 3 13 
(B) 2 21 9	 33 
(C) 37 16 9 9 2	 73 Ulmus am~ricana 
Acer saccharinum	 (A) 1 2 4 
(B) 1 4 3 2 10 
(C) 17 29 28 8	 82 Ulmus fulva 
Aesculus glabra	 (A) 
(B) 
(C)	 Ulmus thomasi 
Celtis occidentalis	 (A) 
(B) 
Vitis(C)	 3 
Cornus asperi folia	 (A) 
(B) 
(C) 49 27	 76 
Crataegus	 (1\) 
(B) 
(C) S3 .12	 86 
Fraxinus americana	 (A) 
(B) 
\C) 2	 3 
Platanus occidental is	 (!\ ) 2 2 4 
(Bl 
(C) 
Prunus	 (A) 
(B) 
(C) 
Rosa	 (A) 
(B) 
(0 11 11 
Sambucus	 (A) 6 6 
(B) 3	 3 
(C) 
228 
229 
4 
3 
11 
6 
3 
22 
228 
intermediate (B), and young stand (C). 
TABLE V-(Continued) 
gbth acre plots. 
Under 
Size Classes in Inches 
Species (Living) 
Over Total 
Size Classes in Inches 
1 2 3·5 6-10 11-17 18-20 21 Stems 
~ Over Total 
2 3-5 6-10 11·17 18·20 21 Stems 
Smilax hispida (A) 2 2 
3 13 (B) 
21 9 33 (C) 
16 9 9 2 73 Ulmus americana (A) 3 3 7 
1 2 4 (B) 
1 4 3 2 10 (C) 265 73 15 354 
29 28 8 82 Ulmus fulva (A) 
(B) 
(C) 3 
Ulmus thomasi (A) 5 4 9 
(B) 
(C) 35 22 58 
3 Vitis (A) (B) 
(C) 32 5 37 
27 76 
J2 86 
TABLE VI 
Floodplain dead stems in mature stand (A), intermediate stand (B), and 
young stand (C). One-eighth aere plots. 
Size Classes in Inches 
Under Over TotalSpecies (Dead) 1 J·S 6·10 11·17 18·20 20 Stems 
Acer negundo (A) 
(B) 4 6 5 15 
(C) 18 6 1 25 
Acer saccharinum (A) 
(B) 2 2 
(C) 13 3 16 
Cornus asperifolia (A) 
(n) 
(C) 4 4 
Crataegus (A) 
(B) 
(C) 2 2 
Ulmus americana (A) 
(B) 1 1 
(C) 94 7 101 
Ulmus thomasi (A) 1 3 
(B) 1 1 
(C) 20 ·4 24 
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Upland study of Cox 
Taken from re 
Species 
Acer saccharum 
Asimina 
Carpinus 
Carya ovata 
Celastrus 
Cornus florida 
Crataegus 
Fagus grandifolia 
Fraxinus lanceolata 
Jug·lans nigra 
Liriodcndron tu!ipifera 
Morus rubra 
Prunus serotina 
Quercus velutina 
Rhus 
st~ (A), intermediate stand (B), and 
One-eighth acre plots. 
Size Classes in Inches 
2 J·S 6·10 11·17 18·20 
4 6 5
 
6 I
 
2
 
3
 
I
 
7
 
1
 
>4 
230
 
Over Total 
20 Stems 
IS
 
25
 
2
 
III
 
4
 
2
 
1
 
101
 
3
 
1
 
24
 
TABLE VII
 
Upland study of Cox's woods: mature stand (A); young stand (B ).
 
One-eighth acre plots.
 
Taken from report by Potzger, Friesner and Keller. (5)
 
Size Classes in Inches
 
Under Over Total
 
Speeies 1 2 3-5 6·10 11·17 18-20 20 Stems
 
Acer saccharum (A) 20 3 5 15	 44
 
(B) 7 118 39 20 184
 
Asimina (A)
 
(B) 9 9
 
Carpinus (A) 13 1 14
 
(B) 1 1
 
Carya ovata (A) I 1
 
(B) 6 3 10
 
Celastrus (A)
 
(B) 3	 3
 
. 
Cornus florida (A) 3	 3
 
(B) 1
 
Crataegus (A)
 
(B) 
Fagus grandifolia (A) 2	 2 5
 
(B)	 I
 
Fraxinus lanceolata (A) 57	 58
 
(B) 4 4
 
Juglans nigra (A)
 
(B) 
Liriodcndron tulipifera (A)	 4 5
 
(B) 4 3 2 3 13
 
Morus rubra (A)
 
(B) 
Prunus serotina (A) 
(B) 
Quercus vclutina (A) 
(B) 
Rhus	 (A) 
(B)	 11 IS 26
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TABLE VII-(Continued) 
Size Classes in I ncb"" 
Under Over Total 
Sped"" 1 2 J-S G-IO 11-17 18-20 20 Stems 
Ulmus americana (A) 
(B) 
U. fulva (A) 
(B) 
3 3 
TABLE VIII
 
Summary of significant data. Compiled from tables I to VII.
 
Age Nl1Inher Under l·inch Over Over 
of of 1 a1'ld 1-5 5 10 
Sla1'ld Specie. Inch Over X1'lches I1'lcbes Inche. 
LIVING 
Upland, Table I Mature 13 232 608 528 80 72 
Upland, Table VII-A Mature 11 776 312 224 88 56 
Floodplain, Table V-A Mature 7 144 216 48 168 96 
Floodplain, Table III Mature 9 264 280 168 96 
Floodplain, Table V-B 25 years 3 40 328 120 24 
Floodplain, Table IV 15 years 9 192 4448 160 
Upland, Table II 15 years 5 ]6 1752 ]44 
Upland, Table VII-B Young 14 192 1856 48 
Floodplain, Table V-C 9-12 yrs. 13 3672 1760 16 
~,
* * * * 
DEAD 
Floodplain, Table VI-A Mature 8 24 16 8 
Floodplain, Table VI-B 25 years 4 152 ]52 
Floodplain, Table VI-C 9-]2 yrs. 6 1208 ]68 169 
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